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e^es and ,„ particuiar , ucife „ s „. ^ „ ^^^^ ^ ^ ^^^^ ^ 
other en^es for instance adtnylale ^ usual|y fc un<J , b e>(pressiM 

h ° S ' VeCMrS Md u-fu. in these methods. 

R ;; omi ;7 i «« ^ te , roduc , ion of „ vast rangc of uscruI 

P».vpcp„de products eflicen,,,, Essentia,,, host cells whjch _ fcs fc ^ 

"77 50 ^ "■"» ,h < d «- d <*«« . f u,. re c 0mbmin , 

t Pr0dU r° n ° f dMired ^""^ " «-«■ q-HU« r-anicurar* US efu, hos , 

ce, . « Photic =dU such a, bacteria ,*e £ ^ OT ^ cd]s 

rap,d, y and so cu.ture of the ce!,s means Una, ^ quariU , iK of fc ^ pro ^ s 
obutned either o y lysjs of ^ «„, or by from cu ^ c supemotMt jf ^ ^ 

.ndueed to secrete these products. The destred product „ to be ^ ^ ^ 

oted.um and purified ,o tha, i, is free of ai, ,he other protein, present as a resu„ of d,e cei, cui.ute 

process. 

Pupation can sometimes be ^ w ^ „ , he cu „ ure ^ conta _ ns ^ 
of other proteins ^ products, some ofwh.cn may have similar proptnie3 such „ lm or 
.m„„ y foe a particujar „o«r.,. ,o the desired protein, making complete p ^ calio „ ^ fcf 
e*amp,c chroma^raphic tecWques ^ Fw m „ y ^ J 

con, am ,„an, prote-ins ,„. y „ present a significant p mbl em in , er ms of lhe md u5e Qf , hc 

*" aPP " C *' i0,,S h ° WCVer ' *» ~ of panicui.r „ ndra , rcd 

product. ™ y b e ouernCv dama gIns OT ,„ r e g „ d ,„ , he uUli , y ^ ^ A 

n» y re,.,e to en^.es found ,„ ho« ce„s. ,f ,he ac,,v„ y of such moiecuies impedes or ,., contra^ 
,0 tha, of ^.e desired product, even ,i„ y amounts ? resen, „ a con,™,„,„, may Wnd „ cr ,„ $mct 

the end use of the product. 
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Where ,he damaging c„„,. m i„ Mt „ fc Droduc , of , ^ ^ rf ^ ^ ^ ^ 

prob.em may be addressed by inaciva.ing 8aie . for exKmp , e by ^ ^ 

us,ng an.i-sense RNA cons,™,, ,o "swi.ch off ,he g CT e. However, where ,l,e gene produc, is 
- essem.a, for ft. of.be nos, ce» such an approach i, „o t p„ MiWe as clearly , t „ e hos , „„ 

would no, survive and so ,h, product process woujd cease. The same may ,p ply whe re 
,n.c,iv« ion reduces ,he efficiency of ,he ce„ by a significan, amoun, so ,ha, 4, producion 
process is rendered non-viable. 

For examp.e, luciferase enzyme is well bown as a labelling tool in biological research It is a 
useful en^me in .hat when combined with luctfenn and ATP, it provides a useful signaling 
system, providing a fluorescent signal which can be read easily using f or example luminometer 
devices. Lucifera.e can be isolated from natural sources such as fireflies and some beetles For 
large scale production however, luciferase is generally produced by express^ from a prokaryotic 
host, such as K call. 

One particular app.ication to which .uciferase may be put is in an assay for detection of cellular 
components such as ATP or enzymes such as adenylate kinase (AX), as described in European 
Patent Application No. 94904295.6. Such assays are useful in detecting the presence of 
microorganisms in a particular environment. For these purposes, the presence of cellular 
components which are the target of the assay in the luciferase reagent will produce levels of 
"background" nois. which will have to be taken account of when interpreting results obtained 
using these products. This is a particular problem in the adenylate kinase assay, which has a high 
level of sensitivity. 

Adenylate kinase is the enzyme which catalyses the reaction which converts ADP to ATP the 
essentia, energy component of the cell. In the assay mentioned above, the amount of AX is 
measured by adding ADP to the reagent rmx.ure which is convened to ATP by any AX present 
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The ATP product is then detected using luciferase/lucifcrin system. The use of AK as the 
substrate in the assay produces an amplication of the signal many tunes uver. This is very- useful 
when very small quantities of cellular content, for instance, very small numbers of microrganisms 

are present in the sample. 

However, equally, any residuaJ AK in the luciferase reagent used in the assay will generate a 
similarly amplified signal and may generate false positive results For this reason, highly stringent 
purification of the luciferase reagents used in this assay has been necessary. Inaclivation of the AX 
gene in the expression host used to produce the luciferase in the first place is not an option as AK 
is an essential enzyme which allows the cell to function. Without this enzyme, the host cell would 
die. 

The applicants have devised a new technique where the problem of contamination of products of 
recombinant DNA technology by unddes.red or even harmful products can be minimised. 

In particular, the invention provides a method for producing a polypeptide product which is 
substantially free of an undesired protein, the process comprising culturing a host cell which is able 
to express said polypeptide product and which is able to express said undesired protein only in a 
mutant form which form ha* the activity of the corresponding native protein under culture 
conditions but is unstable under conditions at which the said polypeptide product remains stable; 
and recovering the desired product, wherein either the host cell culture or the recovered product is 
subjected for a sufficient period of time to the conditions under which the undesired protein is 
unstable so as to denature the undesired protein. 

Tn this manner, the undesired protein, which is lor example, an essential protein for the host ceil, is 
produced during the culture process so that the host cell can continue to multiply. Once the 
production is complete, a suitable batch of the culture medium is subjected to conditions under 
which the undesired protein is denatured. Further multiplication of the host cells is not reau.red 
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at this point and so the death of the cells is immaterial. The desired product may then be 
recovered from the culture residue. 

Alternatively, the desired product may be recovered from the culture medium and then subjected 
5 to the conditions under which the undesired protein is denatured, so that any contaminant protein 
will not adversely affect the product activity. 

As used herein the term "polypeptide product" refers lo any polypeptide which may be expressed 
from a host cell, including large polypeptides and proteins. 
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The sorts of conditions which may be used to bring about a denaturation of the undesired protein 
may be conditions of temperature, pH or the presence of particular reagents which bring about 
denaturation For example, the mutant protein may be made to be either thermolabilc or acid- 
labilc at temperatures or pH levels at which the desired product remains intact. Other possibiliti 
include making the undesired protein unstable in the presence of chaotropic agents such as 
detergents, or Oxidising agents or proteolytic agents. 



es 

urea or 



Suitable mutant forms of the protein may be identified by known techniques. For example, 
random mutagenesis can be used lo produce a range of mutant genes. These may be cloned into 
20 expression hosts such as E. coli using conventional technology and the resultant clones screened 
for the desired instability. Once identified, the clones which are, for example, thermolabile, are 
sequenced and the mutation which results in this property are identified. More than one mutation 
may result in the labile nature required, and it may be preferable to form mutants with two or more 
such mutations as this may increase the obseived effect. 



For example, the gene which encodes adenylate kinase of £ coli is known (Bnine, Schumann and 
Wiiinghufer, Nucleic Acids. Research,(1985) U No. 19, 7139-7150; P Liang et al., Cicne (1989) 
80, 21-28). 
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In a particular embodiment of the invention, colonies of E. coli are mutated by non-specific 
methods and the mutants differentially screened at 25°C and 37°C. Mutants containing a 
thermolabile adenylate kinase gene should only be able lu grow at 25T and not at 3 7°C. These 
5 can then be screened for AK activity at various temperatures to select out AK mutants. 

It has been found that mutation at position 87 in that sequence and/or position 107 in the 
sequence, produces a mutant form of adenylate kinase enzyme which is labile at low temperatures. 
Therefore, an alternative approach is to clone the adenylate kinase gene into a suitable vector such 
10 ns Promc-ga plasmid "pALTER-I". Site-directed mutagenesis of the amino acids at positions 37 
and 107 for example using PCR based methods will give a gene product which has alterered 
thermolability. Screening of these mutants as described above will indicate which substiluent 
amino acids at these positiuns give adenylate kinase which is more thermolabile that the native 
protein. 

15 

The construct thus obtained can then be used to transform a competent host strain of K colt that 
is amenable to recombination such as JM83, in order to allow recombination of the mutant gene 
into the host chromosome, preferably in place of the existing adenylate kinase gene. Successful 
recombinants will only contain the mutant adenylate kinase gene encoding a thermolabile product. 
20 Adenylate kinase is an essential enzyme to the cell; therefore mutants will only be able to survive 
at a lower permissive temperature than wild type or standard laboratory strains. 

Conversely and additionaJIy, the desired polypeptide product may be engineered so that its 
tolerance to the conditiuns under which the undesired protein is denatured is increased. For 
25 instance, in the case of luciferase enzyme, several thermostable mutants are known in the art and 
these may be employed in the method of the invention Alternatively other thermostable mutants 
or mutants which have increased acid stability etc. can be prepared using similar techniques, in 
this case, the screening process will select those mutants which have increased tolerance rather 
than decreased tolerance Lo the condition being used to denature the undesired polypeptide. 
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Constructs of the type described above as well u host cells transformed with said constiucLs and 
methods of producing them form further aspects of the invention. 

Thus the invention further provides a recombinant cell which comprises a first nucleotide sequence 
which encodes a desired polypeptide such as a luciferase, under the control of regulatory elements 
which allow expression of said polypeptide, and wherein a gene which encodes a protein which is 
undesirable as a contaminant in preparations of said polypeptide product such as adenylate kinase, 
is muiated such that the protein expressed is unstable under conditions in which the polypeptide 
product remains stable. 

Preferably the luciferase is a thermostable luciferase, whilst the adenylate kinase is a thermolabile 
mutant. 



These recombinant cells may contain one or more selection markers wliich are used in the 
production process 

The recombinant cell may be prokaryotic or eukaryotic but is preferably a prokaryotic cell such as 
a recombinant R. coli cell 



The invention further provides a method for producing a recombinant ceil according to any one of 
claims 10 to 14 which method comprises in any order (a) transforming a host cell with a vector 
which encodes said undesired protein in a form which is unstable under given conditions, 
subjecting transformants to said conditions and detecting those in which protein product is 
denatured, and (b) Transforming said host cell with a vector which encodes a desired polypeptide 
which is stable under said conditions and a first selection marker, and using the first selection 
marker to detect stable transformants 
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The vector which encodes said undesired protein in a form which is unstable ur.der given 
conditions may further comprise a selection marker which is different to said first selection markc 
and stable transformants are selected. 

5 Suitable selection markers comprise particular different antibiotic resistance genes. 
The invention will now be particularly described by way of example. 
Example 1 

0 PCR primers can he designed as is conventional in the- art with a view to amplifying a gene 
encoding an undesired protein such as adenylate kinase. In this case, AK1 and AKRI013 from 
Cruachcm may be used either as provided or optimised for instance using the Perkin Elmer 2400, 
and then using the Sigma PCR optimisation kit. 

1 The PCR product which will be the wild-type adenylate kinase gene or alternatively a mutant 
adenylate kinase gene already known to produce thermolabile adenylate kinase such as stain CV2 
is then cloned into a suitable vector, such as the pALTER-1 from Prnmega, a plasrrud based on 
P BRJ22. This has disabled antibiotic resistance genes to facilitate mutagenesis. [CV2 is known 
(Proc. Natl. Acad. Sci. USA. (1970) 65:737) and may be obtained from the K cnli Generic Stock 
Centre, .155 Osborn Memorial Laboratories, Box 208104, Yale University, New Haven, 
CTOfi.520-8104, USA.] 

In o„e embodiment, two adenylate kinase genes can be inserted in tandem separated by an 
antibiotic resistance gene. The dements of the construct may each require individual promoter 
sequences, but increased expression would result. 



Mutations can then be introduced, for example at am.no acid positions 87 where proline may be 
changed to serine for instance (which involves only one base change) and/or at amino ac:d position 
107 where leucme may be changed for instance to glutarrune The preferred codon usage for 
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adenylate kinase in £ is known . Thus ^ possible ^ ^ ^ ^ ^ 

pet, ens, and the most thermolabile en 2 yme which sti.l retain, enough activity to allow cell " 
sur™, ^ be seIccted . preferiibly _ ^ constnjct funher cont ^ a sgieCTion ^ ^ 

as an annb.o.c resistance nw k er downstream of the adenylate kinase gene so that fef 
pos.t.ve recombinants may be ejected easily. The sclec , on marker ^ _ „ be ^ ^ 
one used later ,n the precede in order to select positive transforms as described below. 

Once a suitable thennolabile adenylate kmase producing mutant has been found, the mutated 
Plasn.d can be used to transform a recombinant positive strain of E. col, such as JM83 as is 

.o ^ in the m The rccombjnamg WM then be fop exampie ^ ^ 

C and a much ,ower temperature, for example 20X Positive recombinants may be identified 
us,ng the selection marker, for example antibiotic resistance where such a marker is present. 

Colony blots can then be performed w,th the resultant mutant oligo to confirm that the mutant 
sequences are the desired one.. This will be done using chemiluminescent (e.g., HRP) labelled 
probes. Sequencing can also be carried out in addition to or as well as colony blots. 

The /, ,„U host produced in this way has a chromosomal mutation in its adenylate kmase g ene 
that causes the adenylate kinase produced to be temperature senshive. A luciferase placid 
20 preferably a thermostable luciferase p.asmid. for example as desnbed in European Patent ' 

Apphcation No. 92, 10808.0 or W095/25798. can then he introduced to the host such that *e 
Iu CI fera,e can be produced at a .emperature that is permissive to the adenylate kinase. The culture 
can be rawed to a higher temperature to denature the adenylate kinase which is present. 

25 Purification of the thermostable lucifer.e enzyme can then be carried out using the standard 
methods devised previously for example as disclosed in W095/25798. 
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Claims 



1. A method for producing a polypeptide product which is substantially free of an undesired 
protein, the process comprising culturing a host cell which is able to express said polypeptide 
product and which is able to express said undesired protein only in a mutant form which form has 
the activity of the corresponding native protein under culture conditions but is unstable under 
conditions at which the said polypeptide product remains stable; and recovering the desired 
product, wherein either the host cell culture or the recovered product is subjected for a sufficient 
period of time to conditions under which the undesired protein is unstable so as to denature the 
undesired protein. 

2. A method according to claim 1 wherein the host cells are cultured for a period which is 
sufficient to allow production of polypeptide product, and then a batch of said culture is subjected 
to the said conditions under which the undesired protein is unstable for a sufficient period of time 
to denature the undesired protein, and the polypeptide product is recovered. 

3 A method according to clajm I or claim 2 wherein the conditions at which the undesired 
piuicin is denatured and the polypeptide product remains intact are temperature conditions 

4 A method according to claim 3 wherein said temperature conditions are elevaLed 
temperatures. 

5. A method according to claim 4 where: n the elevated temperature is 37°C or more 

6 A method according :o claim 1 or claim 2 wherein the conditions at which the undesired 

protein is denatured and the polypeptide product remains intact are pH conditions. 
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7. A method according to any one of the preceding claims wherein the desired polypeptide 
product is luciferase and the undesired protein is adenylate kinase. 

8. A method according to claim 7 wherein the adenylate kinase is thermolabile at a 
temperature of 37°C or more. 

9 A method according to claim 7 or claim 8 wherein the adenylate kinase includes mutations 
at amino acids 87 or 107 in the sequence of the £. coli adenylate kinase. 

1 0. A recombinant cell which comprises a first nucleotide sequence which encodes a desired 
polypeptide under the control of regulatory elements which allow expression of said polypeptide, 
and wherein a gene which encodes a protein which is undesirable as a contaminant in preparations 
of said polypeptide product is mutated such that the protein expressed is unstable under conditions 
in which the polypeptide product remains stable. 

11 A recombinant ceil according to claim 10 wherein the said desired polypeptide comprises a 
luciferase and the said undesired protein comprises adenylate kinase. 

12. A recombinant cell according to claim 1 0 of claim 1 1 which further comprises at least one 
selection marker 

13 A recombinant cell according to any one of claims 1 0 to 1 2 which comprises a prokaryotic 
cell. 

1 4. A recombinant cell according to claim 1 3 which comprises a recombinant E. coli cell 

1 5. A method for producing a recombinant cell according to any one of claims 1 0 to 14 which 
method comprises in any order (a) transforming a host cell with a vector which encodes said 
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1 1 

esired protein in a form which is unstable under given conditions, subjecting transformants to 
faid conditions and detecting tho?e in which protein product is denatured, and (b) transforming 
said host cell with a vector which encodes a desired polypeptide which is stable under said 
conditions and a first selection marker, and using the first selection nwkcr to detect stable 
transformants. 

1 6 A method according to claim 1 5 wherein the vector which encodes said undesired protein 
in a form which is unstable under given conditions further comprises a selection marker which is 
different to said first selection marker, and stable transformants are selected. 

17. A method according to claim 15 or claim 16 wherein said selection markers comprise 
particular different antibiotic resistance genes. 



1 8. A polypeptide product which is substantially free of an undesired protein, as obtained by a 
method according to any one of claims 1 to 9 
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Abstract 

A method for producing a polypeptide product which is substantially free of an undesired protein, 
5 the process comprising culturing a hubt cell which is able to express said polypeptide product and 
which is able to express said undesired protein only in n mutant form which form has the activity 
of the corresponding native protein under culture conditions but is unstable under conditions at 
which the said polypeptide product remains stable, and recovering the desired product, wherein 
either the host cell culture or the recovered product is subjected for a sufficient period of time to 
10 conditions under which the undesired protein is unstable so as to denature the undesired protein. 

The method allows the production of products which are substantially free of particular undesired 
contaminants. 
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